Temperature-sensitive mutants of bacteriophage Mu, which grow at 32 C but not at 42 C, have been isolated. These mutants fall into two groups. Group 1 mutants fail to lyse host cells at nonpermissive temperatures, whereas lysis occurs normally with the group 2 mutants. All of the group 1 mutants apparently belong to the cistrons mapping to the left of gene C, whereas the group 2 mutants have lesions in various genes between D and S.
The temperate bacteriophage Mu (5) can seemingly enter the DNA of Escherichia coli at random points to establish lysogeny (3) . Temperature-sensitive (ts) mutants of Mu would be helpful in elucidating many aspects of the Mu life cycle. We report here the isolation of mutants which are blocked in either early or late stages of Mu growth at nonpermissive temperatures.
The mutants were obtained by N-methyl-N'-nitro-nitrosoguanidine (NTG) mutagenesis of Mucts62, a heat-inducible derivative of Mu-1. Mucts62 makes clear plaques at 42 C but turbid plaques at 32 C, owing to a mutation in the immunity gene C (1, 4) . An E. coli K12 strain lysogenic for Mucts62, BU8305, was used for mutagenesis. BU8305 carries an F' pro+ lac episome with Mucts62 inserted into the lacZ gene and has the genotype F' pro+ lacZ: (Mucts62)/A pro lac, his-, met- (2) . Cultures of BU8305 were grown at 32 C in L-broth, containing tryptone and yeast extract (2) , to mid-log phase, centrifuged, and resuspended in 0.2 M sodium acetate, pH 5.0, with 30,gg of NTG per ml. After 1 to 2 h at room temperature, the cells were washed to remove NTG and the survivors were grown to saturation in L-broth. The mutagenized cultures were plated on minimal medium supplemented with histidine and methionine (2) to obtain about 200 to 400 colonies per plate. The colonies were replica plated onto lawns of Mu-sensitive bacteria in 0.7% soft agar on L-agar plates, and the plates were incubated at 32 and 42 C. Those colonies which produced phage at 32 C, as indicated by the killing of sensitive bacteria around the colonies, but not at 42 C, were purified. The frequency of such mutant clones was less than 5 x 10'. To determine whether the mutant clones carried mutations in the Mu genome, phage particles were isolated from cultures grown at 32 C and tested for plaque-forming ability at 32 and 42 C. terized. Table 1 shows the Mu cistrons to which lesions causing temperature sensitivity were assigned on the basis of complementation by amber mutants of all the known essential genes of Mu. As can be seen from the table, the mutants fell into two groups. Group 1 mutants did not cause significant lysis of the host cells at the nonpermissive temperature, whereas lysis occurred normally with the group 2 mutants. Figure 1 shows the typical growth response of the lysogenic cells, containing representative mutants of the two groups, after prophage induction. The Nts5042 lysogenic cells lysed rapidly about 1 h after being shifted to 43 C. In the case of Ats5045 no rapid lysis occurred although the growth of the culture was reduced markedly, eventually coming to a halt. However, when the culture was shifted to 32 C after a 30-min heat pulse at 43 C, it appeared to lyse normally.
The mutants of group 1 were not merely defective in rupturing host cells at the nonpermissive temperature, but their burst sizes, determined by opening the cells with chloroform, were at least 103-fold lower than Mucts62 at 42 C. This suggests that they have temperaturesensitive blocks in the early Mu functions which are necessary for the late stages of the lytic cycle, including the expression of the lysis function. These mutants belonged exclusively to the A-Bu-B region, which is located to the left of gene C on the genetic map of Mu shown in Fig. 2 . Apparently, the genes to the left of gene C constitute the "early" region of the genome. The genes A and B are known to be involved in Mu integration and DNA replication (6) . The gene A mutants are particularly interesting since they appear to be blocked in the excision of Mu DNA as monitored by the reversion of Mu-induced mutations (A. Bukhari, Abstr.
Annu. Meet. Amer. Soc. Microbiol. 1973, p. 218; manuscript in preparation). The ts mutants of Mu are being used to further study the integration, excision, and replication of Mu DNA. 
